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ABSTRACT 

Introduction: Anorexia nervosa (AN) is a mental dis- 
order whose features are deliberate weight loss, dis- 
ordered body image, and intrusive overvalued fears 
of gaining weight. Long-term consequences of AN in- 
clude endocrine dysfunctions leading to secondary 
amenorrhea, bone loss and/or osteoporosis with an 
increased risk of bone fracture. Therefore young wo- 
men with AN may develop a risk for bone fractures 
comparable to that of postmenopausal women. Me- 
thods: In this case report series Bone Mineral Density 
(BMD) was examined by Dual energy X-ray Absorp- 
tiometry (DXA) in 19 hospitalized patients with diag- 
nosis of AN and prolonged amenorrhea. Results: All 
patients showed a lumbar/femoral bone loss or oste- 
oporosis, with an increased fracture risk comparable 
to that of postmenopausal women. Conclusions: Our 
observation suggests that DXA evaluation of anorexic 
patients with prolonged amenorrhea would be helpful 
to prevent fracture risk in this population of patients. 
However, although DXA is almost routinely recom- 
mended in women over 65, it is not in young AN pa- 
tients with prolonged amenorrhea. 
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1. INTRODUCTION 

Anorexia nervosa (AN) is a mental disorder whose fea- 
tures are deliberate weight loss, disordered body image, 
and intrusive overvalued fears of gaining weight.  

Secondary amenorrhea (absence of at least 3 consecu- 
tive menstrual cycles or presence of menstrual cycles 
only following hormone administration) was one of the 
DSM-IV criteria for AN diagnosis [1] and it is a key fea- 
ture of its possible medical complications. 

Long-term consequences of AN include endocrine 
dysfunctions resulting in low levels of gonadotropins and 
estrogens, secondary amenorrhea, bone loss and/or os- 
teoporosis [2-4]. Bone reabsorption is related with the 
exposure to low levels of estrogens, leading to an in- 
creased risk of bone fractures as it happens in late post- 
menopausal period [5]. According to recent studies among 
postmenopausal women aged 50 years or older 39.6% of 
patients had osteopenia (T score of −1 to −2.49) and 
7.2% had osteoporosis (T score </= −2.5). Osteoporosis 
was associated with a fracture rate approximately 4 times 
that of normal BMD (rate ratio, 4.03; 95% confidence in- 
terval [CI], 3.59 - 4.53) and osteopenia was associated 
with a 1.8-fold higher rate (95% CI, 1.49 - 2.18); more- 
over peripheral BMD results and years of age were high- 
ly predictive of fracture risk [6-8]. 

AN frequently has its onset during adolescence [9-11], 
when peak bone mass is normally reached, and an an- 
orectic episode in youth may permanently impair skeletal 
integrity and lead to debilitating fractures [12-14]. There- 
fore young women with AN may develop a risk for frac- 
tures comparable to that of postmenopausal women (Fig- 
ure 1). As osteoporosis is widely accepted as a “female 
disease” occurring primarily in postmenopausal women, 
the fact that this disease may affect premenopausal wo- 
men experiencing menstrual dysfunction is less common- 
ly known [15,16]. Patients with AN usually require hos- 
pitalization when their weight falls below 70% of ideal 
body weight. Accordingly, patients hospitalized with se- 
vere AN tend to suffer from many starvation-related cli- 
nical and biochemical abnormalities [17]. Among these 
starvation-related medical complications endocrine-bas- 
ed bone loss may put AN patients at risk for pathological 
fractures [18,19]. The purpose of this case report series 
was to assess the influence of eating disorder related 
amenorrhea on bone mineral density (BMD) in a sample 
of women hospitalized for AN.  
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Figure 1. Osteoporosis in a 22-year-old patient with AN. 
 
2. METHODS 

Weevaluated BMD by Dual energy X-ray Absorptiome- 
try (DXA) in 19patientshospitalizedat the Psychiatric 
Clinic of University of Pisa between March 2008 and 
July 2011 because of severe AN. 

We used Open Office 3.3 Calc software for data man- 
agement. 

During our observation patients undergone a full me- 
dical evaluation as for possible complications of AN, 
with special focus on endocrine and metabolic dysfunc- 
tions affecting bone structure. BMD, along with the po- 
tential risk of pathological fractures, were specifically as- 
sessed by DXA. 

DXA uses X-rays to assess BMD by measuring dif- 
ferent X-ray absorption proportional to the density of 
bone tissue traversed. DXA is considered the gold stan- 
dard for the diagnosis of osteoporosis. Osteoporosis is 
diagnosed when BMD is less than or equal to 2.5 stan- 
dard deviations below that of a young adult reference po- 
pulation. Standard deviation units used in relation to the 
young adult healthy population are called T-scores. 

The World Health Organization (WHO) has establish- 
ed the following diagnostic criteria: 
 T-Score −1.0 or greater is considered “normal”; 
 T-Score between −1.0 and −2.5 is “osteopenia”, and 

is associated with “increased fracture risk”; 
 T-Score −2.5 or aboveis “osteoporosis”, and is asso- 

ciated with “high fracture risk”. 

3. RESULTS 

All subjects in our sample were females, their age ranged 
between 18 and 50 years (average 30.63 ± 9.3) and their 
average body weight was 39.16 ± 7.87 kg (from 26 to 
58), with a Body Mass Index (BMI) being among 11.1 
and 17.9 kg/m2 (average 14.58 ± 1.87). All of the pa- 
tients suffered from prolonged amenorrhea with a mean 
duration of 3.6 ± 3.1 months (from 0.3 to 12) and only 8 

patients out of 19 were taking hormone replacement ther- 
apy (HRT) at the beginning of our observation. After 
DXA assessment all of the patients showed a lumbar/fe- 
moral bone loss or osteoporosis with an increased frac- 
ture risk in comparison with peers and comparable to that 
of postmenopausal women. 

The average T Score for lumbar spine was −2.27 (± 
0.98) and average T Score for femur neck was – 1.86 (± 
0.84) with only one patient having no lumbar spine frac- 
ture risk increased, while in the rest of the sample lumbar 
spine fracture risk was considered “increased” or “high”. 
Similarly, but less severely, only two patients had femur 
neck fracture risk not increased, while in the other pa- 
tients femur neck fracture risk was considered “increas- 
ed” or “high” according to World Health Organization 
(WHO) standards (Table 1). 

4. DISCUSSION 

Although expected it’s striking to find such an elevated 
fracture risk in a sample of women whose age range is 
between 18 and 50 years of age, and it’s noteworthy that 
only a minority of patients with such a severe risk of 
medical complications were taking hormone replacement 
therapy. However this is in line with a part of the litera- 
ture data suggesting that clinicians tend to underestimate 
the risks related with bone loss in this specific population 
of patients [20-22]. 

Preliminary data from our observation supports that 
low levels of estrogens, related with AN psychopatho- 
logy, do have an impact on BMD; with increasing con- 
cern about the likelihood of pathological fractures in a 
population of young people. 

As a consequence young patients affected by AN may 
have a risk of pathological fractures comparable to that 
of postmenopausal women of more than 50 years of age. 

Women under 50 years of age with AN and prolonged 
amenorrhea are not routinely assessed as for BMD and 
fracture risk, while postmenopausal women over 65  
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Table 1. Bone mineral density in AN patients. 

T-Score Fracture risk 
Patient # Age 

Body weight 
(kg) 

BMIa  
(kg/m2) Lumbar spine Femur neck Lumbar spine Femur neck 

LPAb 
(years)

HRTc 

1 34 31 12.9 −2.7 −3 high high 4 no 

2 44 46 17.9 −2.2 −3.3 increased high 6 yes 

3 25 34 12.8 −3.1 −1.4 high increased 2 no 

4 20 33 11.9 −2.7 −1.5 high increased 1 no 

5 24 36 12.7 −2.3 −1.3 high increased 8 no 

6 27 43 16.2 −1.7 −2 increased high 0,5 no 

7 50 58 14.8 −3.5 −1.5 increased increased 8 no 

8 18 32 14.6 −2.4 −1.2 increased increased 3 no 

9 22 26 11.1 −3.1 −3.2 high high 5 yes 

10 23 48 16.2 −0.7 −1.8 normal increased 1 yes 

11 43 38 17.1 −2.7 −2.6 high high 3 no 

12 29 37 13.8 −2.5 −1.5 high high 1 yes 

13 27 51 17.2 −0.8 −0.5 normal normal 0,3 yes 

14 37 46 15 −1.4 −0.7 increased normal 1 no 

15 30 39 14.7 −3.2 −2.3 high high 3 yes 

16 30 37 13.4 −4.1 −2.6 high high 12 yes 

17 20 32 14.2 −1.9 −0.9 increased normal 2 no 

18 36 37 14.4 −1.8 −1.4 increased increased 1 no 

19 43 40 16.2 −0.4 −2.7 normal high 2 yes 

aBMI, Body Mass Index; bLPA, Longest Period of Amenorrhea; cHRT, Hormonal Replacement Therapy. 

 
years of age are [23]. This is particularly significant be- 
cause, contrary to what happens in postmenopausal wo- 
men, osteoporosis in young AN patients is a predictable, 
measurable, manageable and potentially reversible con- 
dition. Within this framework a careful assessment of 
BMD by DXA in AN patients with prolonged amenor- 
rhea may contribute to the prevention of the consequenc- 
es of this disorder.  

Some limitations of this work must be acknowledged. 
First, the small number of patients does not allow to 
draw conclusions about the risks related with bone loss 
in AN. Second, all of the patients assessed as for BMD 
were hospitalized, and the severity of AN may poten- 
tially bias our sample. 

5. CONCLUSION 

AN is a psychiatric disorder resulting in medical compli- 
cations and the DXA assessment did not demonstrate a 
simple osteopenia, but an osteoporosis with significant 
fracture risk in a group of relatively young people. This 
datum cannot be ignored, even though the assessment of 

the actual risk needs further studies in larger samples to 
solve the questions about bone loss and fracture risk in 
young patients with AN. 
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